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IN THE UNITED STATES PATENT AND 




OFFICE 



IN RE APPLICATION OF: Tom TANZAWA GAU: 
SERIAL NO: 10/618,732 EXAMINER: 
FILED: July 15,2003 

FOR: NONVOLATILE SEMICONDUCTOR MEMORY CAPABLE OF GENERATING READ-MODE 

REFERENCE CURRENT AND VERIFY-MODE REFERENCE CURRENT FROM THE SAME 
REFERENCE CELL 

REQUEST FOR PRIORITY 

COMMISSIONER FOR PATENTS 
ALEXANDRIA, VIRGINIA 22313 

SIR: 

□ Full benefit of the filing date of U.S. Application Serial Number , filed 
provisions of 35 U.S.C. §120. 

□ Full benefit of the filing date(s) of U.S. Provisional Application(s) is claimed pursuant to the provisions of 35 U.S.C. 
§1 19(e): Application No. Date Filed 

H Applicants claim any right to priority from any earlier filed applications to which they may be entitled pursuant to 
the provisions of 35 U.S.C. §119, as noted below. 

In the matter of the above-identified application for patent, notice is hereby given that the applicants claim as priority: 

MONTH/DAY/YEAR 



, is claimed pursuant to the 



COUNTRY 
JAPAN 
JAPAN 



APPLICATION NUMBER 

2002- 206177 

2003- 193728 



July 15, 2002 
July 8, 2003 



Certified copies of the corresponding Convention Application(s) 
H are submitted herewith 

□ will be submitted prior to payment of the Final Fee 

□ were filed in prior application Serial No. filed 

□ were submitted to the International Bureau in PCT Application Number 

Receipt of the certified copies by the International Bureau in a timely manner under PCT Rule 17.1(a) has been 
acknowledged as evidenced by the attached PCT/IB/304. 

□ (A) Application Serial No.(s) were filed in prior application Serial No. filed ; and 

□ (B) Application Serial No.(s) 

□ are submitted herewith 

□ will be submitted prior to payment of the Final Fee 

Respectfully Submitted, 




22850 



Tel. (703)413-3000 
Fax. (703)413-2220 
(OSMMN 05/03) 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

/ Marvin J. Spivak y 
Registration No. 24,913 

Joseph A. Scafetta, Jr. 
Registration No. 26,803 
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O#Mh7>vX^ST0 ~STk K ^itCftlCil? tiTv^o 
nlMO S h ^yV7.9 1 0 2 a O KW plMO Sh7 >y'X ^ 1 

0 2 cW-h<h KW>fI*£, £cty\ MKfJfipitll 0 2 
ti^tl&WLZtlT^&o — 7js nSMOS 1 0 2 b <7> V -*ffit(i 

, ±ffi'; 7 r lslsxm& 1 0 3rtWnlMOS 1 0 3 a(OKU^> 

vfM^W$iZtiX^Z>o nlMO S f 7 >yX ^ 1 0 2 b (?) Kl/^f p 
SMO Sh7>yX^102d 0<**-"h <t Kl/^f >ff ft, & X V\ mMW&%z 1 
0 2 e (7)#miEA7j^^^n^tL^M$tL-Cv^ 0 fit, Mlfr±i1il§f 1 0 2 e 
Offi^^^li, -b^^^tL/z-t^r-'-^^iilTj^tL^ (Dout) o 
[0 0 0 6] 

nIM.OS h7>y^M 0 2 a, 1 02 bli, M:> /^7^ 

(BIAS) mM^mSZtiZ X -? C^otv^o piMOSh7>y'XM0 
2 c, 102dl±, #V-X|li:, tlVc crtmmZtLZ J: tC^oTv^ 

o 

[0 0 0 7] 

^•C(±, ^'j-tr^MC^J:^'; 77 l^>x-b;i/R C tcov>T\ nyn-;^- 

htzmszti&r- vmi±v g tMffimwLm*) <v*^mm (ki/^>iii d) 

(±J|E#2 003-3060617 



WM2 0 0 3 - 1 9 3 7 2 8 ^-y ; 15/ 

I c e 1 1 fcOH# (Vg-Icell (Id) #14) ^Ltv^ c -f-^tt 

- h U*±a*tbL«ffiV r ri*M]$*i£o £*LKJ: I), -fc>XT>7l 0 2i:fe 
v>T, £3MK%I r e f KM-t2>4i)VmffiI cell (0|Jg ( "0" ttz 

it "I" ) tfftfrtlZo 

[0 0 0 8] 

«ffiV t hj&*fl5v**KS0 "0" f-ftLTan^tftotv^o -<7) " 
0" 7"-^^fS'ItL-cv^^^e';-fe^MC^ "0" -b;v-h#1-& 0 jtfc, mT-^ 

v»#S0 "1" f-^iLttn-)i:^oti/^o^O "1" T*-?£iS 
f Ltv^^^'j -b;i/MC * "1" -tfrbfo-t&o 
[0 0 0 9] 

U "7 r ls>A-k)]sR C<D^i)VWiti (&mWRLI r e f) fi, ^^'J-tJVMCO 
-t^tfulce l lo^eatfc**J:9twW:3g$tLSo ^-MJ±V 
g^mt±iLt)EVr<0ti<7), >*WMC^l«Ice 1 1 t'J7r 
l/>^-tJi/RC<D-t;viIl r e f toi^, "0" -b;i/£ "1" -fe^t-ctetar 

[0 0 10] 

Ell 8fi, #»f^*_- KK&tt&^V-fe^MC^r- h^ffi (Vg-h o n 
t a i ) U 7ryy7-b;l'RCoy- h«J± (Vg-ref) £*j-Jfc LTtf 

i-^>o-e**o tztx.it, r-?<Dm%&frtm "0" £m5ei-&fc*!><7>#§& 

^')77^ (PV) y^'J-b;VMC©ny fn-^y-fcfEVp 

v (=6. 5V) ^epjp$tL* 0 ;^^'j77>f«EVpvt'J77l/ 
>^-fe;i/RC<7)3> h u-)VY- McSliJ&Sfiaffi^tBLWEV r (=5. 5 V 
) t<D^i)K ^^'J-fc^MCOLI^itEV t ht:£l!i)i$^o £*UCJ:»K 
"0" -fe;W±. 7 , -MEVg=I^tHLlEVr<7)i:li:*7bt7t 
&o TO^, tefcx.tf^-^om*4fe8R "1" ^lStS^Wi*^ , J7 7'f 
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(EV) B#H{i, ^tn^MC^3>fD-^-M;t)iVev (= 4 V) 
7W*D£*l&o -T^M^M yr.4mj±V ev^J 7r l^^^mEEV treft 
|5lfSJg^-ttL«\ "1" *.)V<DY- hmEEV g=WLlffiV r <D t %<DWiH 
. -T£;b*>, -tr^SrL I c e l l (i(Jt?2. I r e f £&& 0 
[0011] 

of I), hmEEV g^llc^aj tmEEV r coi: £<7X ^ ' j -b ;Hvl C O -t ;w 
mvifL Ice 1 1 t 'J 7 7 l/V^-t^RCO-bJUI I r e f t<7)lli ( + I r 
e f /- Iref) -b>^7>7°l 0 2 laottllit^o fit, 
yjfL^^. "0" frc(2 "1" ©fy^^fCW^o .ItUiJ: -fc;l^- 

[0 0 12] 

H19J4. ZHir*-* "0" , "1" SrlEflEnTtfefc^y-fc/l/ (H«-fc^) M 

"7 7 4 (OEV) BftCfi, ^t'J tMCOn y h n-;i/ 
h Cii^'J 7 7 ^SEV evil? ^)1Sv^lJ±V o e v (= 2 V) ££P#[]-f 

h o c: oii^ >; ^ r ma v o e v * mm l tzmz " 1 " t * £ -t ^ ^ttm 

^SJEV o e v fcepiraLfcfc #K "0" t =t ^♦^^fi^o c^tct 
[0.0 1 3] 

(7)M^4o^)f-^ (Mr*-*) £IB1f1-&M-7 7 y ya^'J^ -f-c 
[0 0 14] 



tBtiE# 2003-3060617 
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[0 0 15] 

{mmxrn 1 ] 

M. Bauer et a 1. , "A multilevel— eel 
1 32Mb Flash memory, "ISSCC digest of 
technical papers, pp. 132 — 133, 1995. 
[0016] 

mwtm®: LiHt-s mm] 

[0 0 17] 

^ O t> o # #\ BlULv-yV?: «^ $ * <b v ^ jg^ab o e 
[0 0 18] 

[0 0 19] 

mm * & fc t6<D^m 
^«i&i4^^';-fe;K^#y- h tz^tim&Wiztitzmmw - Kit ffrggn 
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it ^ -t ;kt) 4> ^ h wr £ ti fzmm.<DJfm #§14 ^ -=6 -t ^ * m n %> mm t * it 
m. l , ttrisii^ $ t^tmo^ff #§tt * <; -t ;i/ \z x o r * tvrtimt $ tt7t t* 
-?£f^mi-^>xT>y°<b£*flf u mmmnm%£.®ffite, ^^<ti> 

<7)nviL<7)mimm<7)}ttf i £ «9 ^^§v^<h^#it<hi-^^ffni4^*#:^^ , j^ 

10 0 2 0] 

O 7 - Km t , tu f e*tS&W*f #§14 * -b ;k&# K P >f . > H * ti<?ti&m $ *i 
fclt&O tf y h «l t , mif fi^imo^Flf ^§14 ^ * -t y - * n^Wfli 

- o o Tjqs #§14 ■=& V -fc ;wc $ *i #11 W ^ )i> \z j& C * M * ffi 1" H 1 

h mh £ n^-oo^iiitt t^v-tfr* mtiz mm t * jt# l > bus $ n 

2 <7)^r y y T>y°t ZMrffi U lffiSE£z£m»i£f&£|5Ig&f±. ^<i:^10'J7 
7l/^-b;i/t 1 wj 7 7 l^y*-fc;K0 L£ vHiSKEEi ») fcftv* L§ w 

**SlO««£lfi*SJt^l «fc <9 ^7^# <> HUlS^2^iiiIig[i]^tci3lt^7 w -^M 
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[002 1 ] 

';-fc;i^, lufE^o^JS^tt^^'; -b;K7>#^- h K^ft^ffL^m^fitzmWi 
C0 7- K*ftfc. ltfffB1£&<W£3&1£**V*;l/0& Kl/^f >H-etL^tL^M^tL 

mis^ 1 coi#iiiiiflii^n^tt^x- ^f^^m LB#comvrLcoiii|)i^n^-t-^»§^ 
^■J77^ Bfcom^cDiiipi^cojt-e^ ^ n 1 com-rLifitut^ 1 £ o i> ± § < , m 

i)-7r4 mvmvfiommm?) itr~$> £ n 2 <Dmmmmit^ 1 x t) 4> ^ ^ < . tuia 
n 1 omrLiii{isit^Hfrfe^2 comrLifiPsJt i «; i>'bz^z t zmfflLt-r h^m^ 

[0022] 

>;-b;i/t, itf£m$cco^?3lt$^'; -fe;KO#^- Hc-e^*i^£*L7^t!$: 
co 7- Kia^:, mfffi^mcO/5JflH4^^';-fe;K7)^- KM > iz^ti^n&mzn 
fzW%t.<7)\zy hmt, mrf£^co^filll4^^';-fe;i/co#y-^^>etL'e^M 

^ti/cm^cov-^it.h, ti>mi ztztem2<D&mmmziti 
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jj-f&, 'Pt£ < t 1 ©'J 7 r l^>^-tr;]/t, u^$l<0'J7 7l/>^-b^ 

m 2 <d i) 7 r u y )\/izmn&mm.*m%i- 2 rimmmffi t mm 
r 4 m<vmffi<vmmm<7))t'c*)Z>m2 omaMUBJta* i «t ^ < . mum i 

§ v^ffllE <h $ *L7fc& 3<0'J77l/>7t;K £ <fc LP\ ftj fEfjl 3 <T> U 7 r W > X 

•t;i-«tL^m»K*^i|iii-^^3 ^♦siaK*^, Mfsm.7jm»£^Hufe^ 1 o 
n&mmfo * msim k asTj-r & z. t * mm. t -r a utt^*^ * ■=& v £ 

[0 0 2 3] 

Sfc. ^IS^O— JB&BUCfcfLtf, 2N (N«±2 JSL_h) <nV^fr*M^&mk 
•y hfflity mumk<D * -b v - x iz^ti^ti&m £ tiT^tifco y - x 

Jjir2>*:>XT>y'£*$ t mL, MU&mWfiL%£.®&li. (N-l) i^)'J7 

t p>x-fe;v^«t o f itfs (N-i) iscd 1 ; 7 r u>x-t)\si,zmti2>m%L$:m^ir 

Z> (N-l) IH^JtiKSEU^*^*, Huffi (N-l) i^'J7 7l/>^-t;^H 
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, iIO'J7r py^-fc^OL^vMlfiMJE^ (1-1) oy7rU^m 
L§HI*JEJ: 19 kSS < (1£I£N) , ^o, HtffE (N-l) 4BOigi|fg|I|f§<a 
$ I OJfi|fglslE&K;fcit*K 7"-^|%^m LW<7)Mffi.<DM1f%mztt1r2>W£ 
&<^'j 7 r 4 n<DW&L<D& I 1 «t «9 &7c£ <, £ (1-1) OliipSEI 

SM^t^H (1-1) *a«^a*ffifB»I*(MB2*sJ: ») b 

[0 0 2 4] 

tf y MJI £ , fu f EftSfco -=6 v -fe ;K7)# y - * [z % ti^ti&Wt £ *l £1f ifco y - 

* «& t , ( n - 1 ) iH^*m«a£ zmtj-tz mmm.ffi.§t*km& t , tu iE^m«^ 

H£ EI 8& o ffi # mm t mm%Wn<D * »; -t ;kz> ^ c> $ tt ft * * '1 -b ;w icflfc 
IU iftfEX?£S»fLf§£ISj&&(±, (N-l) IHcov yr l^vx-t ;U43 «fc t/ffffE ( 

N-i) io'j y r ]s>*^)i<i l zffi l i%2>mffi t zmm-f2> (n-d ^itriiiiii® 

^-a<^> BUlE (N-l) i<7)'j7 7l/>^-fe;K7)Hx |I^V77W/^^ 

<0L§v»iiSJE^ (1-1) <0'J y r py^-t;K7) L§v^mj±=t 19 &fi < ( 

i^i^n) , huie (n-d iHoiiiisiHiK^-?*,, mi <r>mmm&K& 
mimzmtfi z *) i>±& % a-n <&*iiiiiai&K;&»t*# (i-d j* 

[0 0 2 5] 

±iEL/z^m:tL{i\ ^-*<^*mL£^vy T^^masiE^ racy 

. TO^-bJH:^Lt <> |WJ c^y yT^-^>£^tE-e§ 
[0 0 2 6] 
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[0 0 2 7] 

m i <n%wm) 

5r^t^^)t*^o HI 1 t3*v»T, T Kl/X7 7f (Address late 
h) 1 Hi, T Kl/X/U (Address bus) frh<DT y<f- 
■f&o T YV7.il 7 (Address counter) 1 2ti, 7KV^ 
7 7f 1 l<07 7f7 K P-"* & * * > M-&o T KWf77 (Ad d r e s 
s buffer) 1 3<i> 7kl/^*">V^ 1 2W*'?vmj*^t, 

^EV-b/U) fc#£Lfcrt«7 KV*fcffi;*j-r*o I0^7r (10 buff 
e r) 1 4(4, T—9t*7s (Data bus) t 7*— 9 y y "f- (Data 1 

a t c h) 1 5t<Dmo, m&mLT*- ? ^w£&&r- ? (nm^zmfflir&c, 

[0 0 2 8] 

^t'j-t^7W (Memory cell array) 2 1li, W&O* 

tt^o l%<^ffiLIlIjE&-e^)^-t>^T>7 0 (S e n s e amp.) 31(4.7=* 
-?<DWtfrlti LBf (c, ^*'j^7i/'f 2 lrto*^;^f-^*, Jjy&y 
-V (column gates) 0g&3 2 £t> LtK 1} &tr 0 fLT, 

7°3 1(4, 7- Km(^^ffiLWJ±££P#nt-&££K«fc *) tf y h«|^yjiLtt^^# 

-t^orn^t, v7 7i/>77 - kucj 7 7 vyxm&zwm-tzz t \zx i? 

„ HzJSSSKH^.IhIK' (Reference current generati 
on circuit) 4 1 Hffclt h fltz 'J 7 r V > X-k JVKmtl&WMt %}£ 

■7°3 l£«fc£^mmitf§£IIIj&4 l«^M(:o^t(i, 
[0 0 2 9] 
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^-v! 23/ 



(Program circuit) 3 3li> T- 9<Dm^ihfr 

, f} 7 AY— h 0j&3 2 ^iM"C> ^^'J-t^7l/^21rt«f^eyMI 
H#^^mEE^^1-^»o ±fS#g^®i^3 3ii, 7- Ml tz 

it tf y h t fz it y - 7, m. t tz it * <j -t ;u j& £ *i T v > & ^##ff it <?> v * -f 

[0 0 3 0] 

r?-r> KVy^^ (C omm and register) 3 4 it, 3>fn- 
A/rtZ* (Control bus) hXti £ ti&W £ ^ -v > K^M*^ ^ 
> Vfj;£<D&m<r)zi-?y FZ&W-f&o ^ > h n-9 (Control 1 e r) 

#-|HlK«:ilHI»'t*fe*0#ttOiW»#-5-*l&^1-*o nn;f3-^ (Row d 
ecoder) 3 6 f±, ±IfiT Kl/^y7 7 1 3 ^<bfcB7j£;M&l*l3&7 Kl^X 
**';-fe;W7W 2 1 |*I<7)^S-t-^7- KiSl4:jl^i-*o ^^A^n- 
^ (Column decoder) 37 t±, ±|BT Kl/^y7r 1 3 t> /±S 

2fo<DiJ7&Y-Y*m$imW)-f2>o ZiiiZX*), ^'J-t^TU^f 2 1 ftOjg 
■#$*Lfcfcr >y h«b^ ii^-UY- MI|j&3 2 ^ihU, -fe T > "7°3 1 tmWt 

[0 0 3 1] 

%-i±M&X~$>2>?- J ?-yi$>'? (Charge pumps) 0£&3 8 fi, ^ 
«««mffifc#ffiLT#§&*ffiOWEE (fctx.it, 5 V) ^»M*fflO«JE (fe 
iilf, 1 0 ViSiLK- 7 V) £f§£-t£ 0 C(7)f--V-v^>-7 0 ill^3 8-eH^ 

M3rffl<7)- 7 V^mJE(±^^e'J-fe^Tlx-f 2 1 Htt#&$*L« 0 iifflOl 

0 V<7>«I± (V p p) liKaV-i' (Regulator) ®£§3 9 

*l& 0 l^a.^-*|I]j&3 9I±, ^iiifDAny^-^IIKHiotfi^ti 
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i-2>fz£><Dm.*<omi±V g- h o n t a i Z*kJ&-f2> 0 Z. <D a 1^ - * 0J& 3 
9-Cl§^$ti^mi±V g-h o n t a i l±> JtJBn >7 f*n - ^ 3 6 ^gftLt^ 

[0 0 3 2] 
[0 0 3 3] 

) imVhfrX^&o i*^'J7 7^i^li, ^©lE ( 

tztx.^ Vr) i: ^ ^> iKT) 7 - KHi3 J; 'J 7 r 1/ > 7 -b ;u 

[0 0 3 4] 

OtE Vr (PV1) , Vr ( P V 2 ) , Vsw2 (P V 3 ) ) £ 

tiMat^^$^^7- m^enijni-^o ^f^otE (Vr ( 
pvi, p v 2 , p v 3 ) ) & -7 r i/>^-t^7- m^ensni-^o fit 

Z) o 

[0 0 3 5] 

±MmtkWM.5&$Lm$& 4 IIS, »'J7 7U>X-b;^t*, #'J7 7l/> 
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[0 0 3 6] 

gJ2(i, Ell KiFLtztf) -fe;l/T W 2 1 *m$L-f&^m%:®L** } ) "t^<D 

, mJ L mwmT&*7Firi><D-x:&2> 0 nmc&^-c, pm^m^m^i (p-sub 

s t r a t e) 2 1 arti:'l±, NM^^^fUt (N-we 1 1) 2 1 b 
tiX^2> 0 ££>K, dONM'>^;HS^2 IbrtKfi, PI^x;v^ (P-w 
ell) 2 1 ctfMf&ZtiX\<*Z>o ±IEPM->^;uflit2 1 crtKli, n + M 
<0V-*«1*2 1 d, KWy^*t2 1 e ^Sv^CjFI I TM $ H"0/^ 0 <€" 
Lt\ iOV-^1S«2 1 d, KW>^it2 1 eOfflE^Wft^^iitxC 
i±, «t!2 1 .i^r^LT, 7n-r^ >^Y- h (Floating gat 
e) 2 1 f^jfiSiitv^o ££>H, :07D-fr/^-b2 1f±i:ii 
x Ifitl2 l_2^r^L-C. n> hn-H- h (Control gate) 2 

i g«$arv^ 0 

[0 0 3 7] 

? h^2 1 h^f^^tt-tv^o _LffiNM^;HIft2 1 bO^MSB^ 

n+ Qffl$.frbti:Z>u> 9 9 1 i j£$*Ltv^ 0 ZK, ±IS 

PI-)xW2 1 cO^MSGKti, p + m&&frb&%>=t>9 9 h If it 2 1 

j T^lfM^-T^&o 

[0 0 3 8] 

W-b^of^, MrfWfc, Fn-;i/y- h 2 1 g hmi±Vg-h 
o n t a i tmmZti&o .*7t, Kl/^f >fS^2 1 e fctt KW >tEVd^l 

h^i£2 1 i , 2 1 j KJi, y-^mJEV s tmcts^M^^. -tie 

If it 2 1 h K fi 0 V co^«fe«fi«^ £ *i £ 0 
[0 0 3 9] 

2Mfc-fc;W;J\ 7n-fr/^-h2 1 f izWmZti&M^AliZ X oT, r* 
-^c7) "3" "2" lx^;K "1" "0" l^^fclfilf f&o 
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t, 3 y Y n - h 2 1 g t L £ v^iimi±^^ & 0 

[0 0 4 01 

[0 0 4 1 ] 

BI3(i, yv^^<; NORM) Ot#/£<7>^£^lJ- & 

C^3>fD-H-f (2 1 g) (i, lt«7- KIWL0 ~WLn <7)o % 
M^fr-b^MC^Kl/^ >Tff£ (2 1 e) (i, fl&fcWfcfy M&BL0 ~B 

W*i)VMC<D&v-M¥M (2 1 d) (±. Itwv-x^ (i/^Lt^^v^) (7) 
9 ^O^S-r^ l ooV-^!JlK3fcji^^£*LT^;£> 0 #tf»^ MIBL0 ~B 
Lk fi, ?im<7)ii^ h 7>zS.A? S TO ~STk ^HWt^ lo«F 
7>y^niMT, ±IB-b>XT>'7 p 3 nwgM*$*LTv>*o jURh^Vv* 
? ST0 ~STk (i. -g-ti-PfKSOy- b# 5 \ 1tm<7)^ 7 A|IC O L0 -COLm 

[0 0 4 2] 

-hffi-b > X T > "7° 3 1 fi> ^:#-b;HVIC <D-t)um : M I eel 1 t3 

o<7)'; 77 U>XWMI r e f 0, Irefl, I r e f 2 £ **:tl?tLjk&t 
2>?zib<D3^><Dmmms%z M2, i3M>X7>7*) 3 1-i, 3 1. 2 

, 3 l. 3 S:f Ltv^o :o-b>^7^3 111* ±SB#H»*»«»3 1 _i, 3 
1_ 2 , 3 l_3<7)tti7JD0 , Dl , D2 ©iliSCiot, -fc ;U 7*- * 
^>M^ (2 If y h) SrH^-r&o 
[0 0 4 3] 

^it^Sl^tl^-v^^^MCO-fe^maEI c e l lt±, Mf&*git@3?3 l_i 
, 3 1.2, 3 l_ 3 O#MfeA7J^^#^$tt^ 0 ±|BM&i*«#3 l_i, 3 1 _ 2 
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, 3 l-3<D^^XtJ^^^mmi cell O&f&li. plMOS h7>y 
3 1 *3«t^\ nlMO S b7>y^^^f)iSAMT^ F7>y^^ 3 

i b^ufirm 0 mmmm^3 i_i, 3 1_ 2 , 3 i_ 3 o^s$e 

A*SH±> plMOS h7>^^3 1 a<7)^- hisiCf KW 
SM^tLTv^o :w P IMOS K7>y'^^ 3 1 aOy-^U*i:tt, 

cc^li^Jitv^o ttz, p SMO S f 7 > ^ 3 1 a <0 K V-f >f«l4 
, /^77 h 7>yX^ 3 1 b<7) KW >^Ci^$iitv^ 0 :<7);^7^ 

h7>^^3 1 bOf - FCii, ^M7^ISIB IAS«?tLtV^ 0 
^LT, dcTV^T^ h jyVTs? 3 1 b<7)V-XfIit^ ±Ifi-fe;V7W2 1 
ft^lf y HUB L0 -BLk Co^^, _h|B3i^ h 7 > V7 9 S TO ~ST 

[0 0 4 4] 

-yj\ ±iE'j 77 U>*m»fLl r e f 0, Irefl, I f e f 2.14, plM 
0Sb7>y^^3 1_i a , 3 1_ 2a , 3 1 _ 3a , & £U\ nlMO S h 7 > V 
7s 9 frh & £ /^7X h 7>y^? 3 l_ib , 3 l_2b , 3 1 _3b £^ LT, _h 
ifiHRlif4E^3 3 1. 2 , 3 l-Z<D*tl^K<D^mz\^^mWiZ*iZ> 0 

-f£;b*>. MS&i#ipItff 3 1 -imtWMX-ftMte, plMOS l7>y'xn 1 _i 
a <7)^- h^J:^ F W ymMKW^tZtiX^&o -OpMMO Sb7 
3 l_i a (DV-7mmziZ^ liVc c^^$tLTV^ 0 ttz, plMOS h 
7>y^^ 3 l_ ia <D K W >fl^(i> A>f h 9 3 1 _ib <Z> Kl/-f 

>fIit^^M$ti-rv^ 0 Z<7);^j F7>yX^ 3 1 _ib O^- h JCWU 

T7WWMB I AS7)^M$tLTV^ 0 MI*^"IiS§l3 1_2^^S$SA 

plMOS f7>y'7;^ 3 l_ 2a Y&£Zf KW >ffit^M£ 

thX^&o c\<DpmMOS Y7>iS7?3 l_2a <DV-7mmzii, SgVcc 
^ic^tLTv^o plMOS f7>y'X^3 1 _ 2a <Z>Kl"f y^MU 

>H T7 Y y yVTs 9 3 l_2b <r> KW>f >fIittC}gM£*L-C^£ 0 ^<7vmtx 
h 9 ^3 1 _2b b tcfi. /f>f 7X1MB I A S^^^tiTV^ 

o mm^. mmm^3 i ^mK^x^a, pimos v^yv^^z i_ 3 
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3 l_3 a (DV-xmmzte, tiVc c *LTV>& 0 ttz, plMOS h 
7>i/X? 3 l_ 3a <F> KW s<4TX h7>v^^ 3 1 _ 3b <D 
>mi&fc&%xZtix^2>o :o^7^ h ^y 9 J7s9 3 i_3b ^ 

[0 0 4 5] 

^*i£>/MT* 3 l_ib , 31_2b, 3 1 _ 3b O#V-^0i*H 

ti, ±IBV "7 r V>7,nM IrefO, Iref 1,'lref 2 ;H&|££ti& 0 
oi^ /^7^b7>-7^^3 l_ib . 3 1_2b, 3 l_ 3b 'J7tI/>7 
*»fll r e f 0, I r e f 1 , I r e f 2 £#&£$^&fc#<Z>3£mS^f&£ISI& 

4 1 ri«g^S;MTv>& 0 

[0 0 4 6] 

3£mmSEHfeiaK4 1 (±. 'J7 7P>^I«Iref0, Iref 1, Ire 
f 2 ZZtir*i%tkZit2>tztt><D§£tSL®3&4 la, 4 1b, 4 1 c x.Tfl|J& 
£*Lt>>& 0 H£EIft4 1 a, 4 1b, 4 1 c OftL?tL(i, U 7 y * 9 

Af7>y^^4 1a.i, 4 1 b_i, 4 1c_i> 'J7tP>X b7>y^?QN 
R 0, QNR 1 , Q N R 2 > £ J: U<\ «I±§&£[n]jS& 4 1 a_ 3 , 4 1 b_ 3 , 4 1c 
.3?:tUi^„ if£ l J77V>'X*7Ah7>y7^4 1 a.j, 4 1b_i, 4 
1 c_i(i, f^ietinlMO S h 7 y~J*9frhti:2> 0 ±M X ) 7tV^*5A 
h7>y^Hla-i, 4 1 b_i, 4 1 c_iO^KV>f^^ ±£-t^X7 
>7°3 lrt^M7^ h7>^?3 l_ib , 3 l_2b , 3 l_3b <a#v-*^ 
i*KSM8S*l-CV*&o 'J 7 7 l/>7,^7 A h 7 > v^. 9 4 1a 4 1b_i,4 
1 c_iW-K:ii, 'J7 7l/>X*7AlRC0L^l^$titv^ o ±ffi 
'j77l/>^f7>yX^QNR0, QNR1, QNR2l±; ftiftinlMO 

5 F7^y^^^iSo ±IS 'J 7 7 l/>7, h7>y^^QNR0, QNR1, 
QNR2 0^KU^f>i«^ ±ie'J77l/yx*7A7yyX^4 1 a_i, 4 
1 b_i, 4 1 c_ico#y-^^Jt^^$tirv^ 0 'J77l/>x^7>y^^ 
QNR 0 , QNR1, QNR2<7)#y- F ('J 7 7 1^>X7 - KIRWL 0, R 
WL 1, RWL 2) tcii, ±|B«JEf6^EIK 4 1 a _ 3 , 4 1 b_ 3 , 4 1 c .3**8? 
l^tltv^o 'j77l/;/^f7Vy^3'QNR0 ) QNR1, QNR20#V 
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-Xfll£f±, »»WffiK8?iR$*iTV*a 0 ±ffimj±#§£[I]j& 4 1 a_ 3 , 4 1 bi 3 
, 4 1 c_3(i, -etLWx 'J77l/^f?>^^QNR0, QNR1, QN 

[0 0 4 7] 

H4li, ±fSSJEH^lBlK4 1 a_ 3 , 4 1 b_3, 4 1 c _ 3 c9lt/&M£^-r & <7) 

-e&& 0 mm (a) - ( c ) K^-rti^i-j:?^ mj±f&£ieij&4 

1 a_3, 4 1 b_3, 4 1 c _3<OfltfiK{±|g— <h U #U 7r Uy^-b)VRC 0, R 
CI, RC2^Liv>itffVtO, Vtl, V t 2©*^I^-5 i ^ K«j£L 

[0 0 4 8] 

III 4 (a) -EI 4 (c) K*5V*T, WSO, WS1, WS2lt lI^Mp 
lMOSF7>yX^PQa0, PQal, PQa 2<Dh7>Xn>^r/^ 
t^o WVO, WV1, WV2li, ^'J77>f ( V F Y B = L ) Btllfjlp 
!MOSh7>yX^PQb0, PQbl, PQb 2<7)F7>^3>^7^>7, 
-Cfc&o WR0, WRl, WR2IJ, R*aiL (R D B = L) R#ma«&p£!M 
OS h7>v'7,?PQc 0, PQcl, PQc20h5^3>^^^"C* 
& c WS 0, WS 1, WS2li, _hffipMMOS f>7>y^^PQa0, PQa 
1, PQa2^y-^lSC4x.ib^o £ O p IMO S h "7 > V7, 9 P Q a 
0, PQal, PQ a 2 <7>r- h SXtfruj Jrfiffti^ nlMO 

S h^^y^^^tj^a/MT^ h7>y^^NQaHLT, ' J 7 T 1/ > * -b 
^RCO, RC1, R C 2 <7) KW ^«ifo&*SBRS*iTV»-&o >; "7 y 1/ > * -fe ;l/ 
RC0, RC1, RC2©3>fa-;^-M:ii, R*WL*JEK 
f tv^-HEVr e a d^4x.^>tL^ 0 'J77l/^-b^RC0, RC1, 
RC 2 (7)#v-xflit(i, &tfittfti::*ftW&^$*iTv>& 0 
[0 0 4 9] 

^fl^T^EWt^ 'J77W^W (|l>)'j77U>7>-b;l/) RCOOL 
iv>itBiVtO^(), "7 r (|20'j77P>^-b;i/) RC 

1 <£> LivMSmjEtiV * 1 (V t 1 >V t 0) V$> •? > 'J7r P^^-fe^ (||3 
0'J7 7 P>*-b;v) R C 2 L£ wfiimJEfiV t 2 (Vt2>Vtl>VtO 
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) t4oO>4, ttzs ±|SpMMOS F7>y^^PQa0, PQa 1, PQ 
a 2<DV- h&£ZfVU4 >mmzit^ ZtiJfti, p 1MO S h y > ? P Q 
bO, PQbl, PQb2, PQcO, PQcl, PQc2 <7)#^- h 7^i^£ 
pIMOSh7>y^^PQbO, PQbl, P Q b 2 (4, V-J* 
^i^tCWVO, WV1, WV2«$^lSo pIMOSf7>vX^PQbO 
, PQbl, PQb 2 0#KV^ >ffitfi, plMOS f7>yX^PQd^ 
y-^fIit^^^^tiTV^ 0 pIMOSh7>v^^PQdW-Hi, ^ 
'i7 7^iMVFYBl«?titv^ 0 pIMOS f7>y^^PQc0j 
PQcl, PQ c 2.(4, #V-«CWR 0, WR 1 , WR 2 7Hfc#S£ ti& 0 
p!MOSh7^y^^PQc0, PQcl, P Q c 2 0# p 
IMOS K^>v^^PQe<7)V-^IIittC^M$tL-rv^ 0 plMOS Y?> 
y7^PQe^-MJ, fl^ffi Uf -5§-$lR D B KWtfiZ iitv^ 0 plMO 
Sf7>y'7^PQd, PQ e<D&VU4 >ff*tJ4*M«^£*iTV>;|> 0 £fc 
, plMOSF7>y7^PQd, P Q e <D& KW Z/^mt. n!MOSI^7 
y 9frht£%>^4 77, b ^ > * NQ b O KW >$git, &J:U<\ nlM 
OSF7>y^?NQc<07 , -K:, ^P-^lx&WiZ *lTv>& 0 ysvf T ^i^> 
y^^NQb^7-XWi, niMOS F7>y7^NQc 045- K U4 >tW 

m^mztix^&o niMos Y7>is'A?NQ C <D&v-xmm±igmm& 

^Wt^tl, &Y--h JiifaU 7 r h 7 > ^ QNR 0, QNR1, Q 

NR 2 <0&^- h tc^M^tirv^o 
[0 0 5 0] 

Z<D£ o %m$C^± *K m!±.§&£.m$&4 l a_ 3 , 4 l b_ 3 , 4 l c_ 3 7>£>(i, 
x*-?<Of%^mLB#&J:t/^'J -7t^B#^ 'j77l/y7-t^RC0, RC1, 
RC 2<DL£^mmi±V t 0, Vtl, V t 2 HSC/tt±it/7)^ttW^$tL 
£0 m/±#§£[°]I&4 1 a_3, 4 1 b_ 3 , 4 1 c_3^f><0^li, #'J7 7W>^ 
f7>y7^QNR0, QNR 1 , QNR2{:'J77l/VXlII r e f 0, I 
refl, I r e f 2 £y;?Ll-7c#><7> & 'J77V>7 F7>y7^QNR0 

, QNR 1, QNR2c7)^-^-h ( >; 7 7 1/ >X 7 - KHR WL 0 , RWL 1 , 
RWL2) &C-$-x.fbtL& 0 -f^ioib, •r-?<7)Wi&itiLm^&l<f2> x ) 7 t 
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mi/f Iref 0, Irefl, I r e f 2 li, p IMO Sh7>yX^PQe^ 
pSMOS f>7>y'x^PQd^t7i:^ot, WS 0, WS 1 , WS 2 
tWRO, WR 1 , WR 2 tvyjfclztBtX-kJlsnffii Iref eel 10, Ire 
feel 11, Irefcel 1 2 T^ipS^ ti& Z. t \z£ <9^^tt^ 0 ^'J7 
T 4&fl<Z&lfZ>.>) 77 V^^WtHl refO, Irefl, Iref 214, pi 
MOSf7>y^^PQd^t>, p IMO S F7> yX ? P Q e -h % * 7 <h & 
t, WSO, WS1, WS2iWV0, WV1, WV 2 i: OJt^lS CT-fe^m^ 
Iref ce 1 10, Iref eel 11, Irefcel 12 &m%Z1xZ> - 

tiz tl&o 

[0 0 5 1 ] 

i ;t\ v -7 7i/>xt^Rc_ i <75 L^v^mi±^ v t_ i , vm&v 

r eriJPB#0-t;um7JfL^ Irefcel l_i,WS_i! WR_ i = 1 I a_ i 
, WS_.i : WV_i = 1 I b_i t-fz> 0 -f&t, 

Iref_i = a_i Iref ce 1 l_i (ff^tfiLBf) 

= b_ i I r e f c e 1 1 _ i (^U 7 r 4 B#) — ( 1 ) 
£&£ 0 iot, Vt0<Vt KVt2<7)i:^ b0/a0<bl/al<b 
2/a 2 £-t*U±\ fcfc x.lfS5 \Zt^-$ £ 7 ^'l77^-y> Iref 
_i_v (vti^U 7r>f B#&7jrt) , Iref_i_r ( r ligg^ffl LB# 
i") 7&*(i(?^L< &&«fc-7fc, a_i, b_iW^«St5o 
[0 0 5 2] 

*Ilff^i^i|^> £$m%%£lBl&4 1 (4, < t U 7 7l/>7>-t/VR 
C0t, :^'J77 lx>^-b;i/R C 0 K«t*L&-b;MiSt Iref eel 10^ 

1 (4, fcfcJtffiU 77 l/'/X-t^RC 0OL§v»ilEV t 0 J: 

0 fci*v*L§vHKffiV t 1 tZtitz') 7 7l/>X-t;VRCli:, :<0'j77k 
>^-fe;VRC 1 ^ittL^-t^m^I r e f c e 1 11 &mJ±f&£[Hi& 4 

1 b_3t *^-c«ij&$*l-cv>*o zbiz^ z<Dmmnm&?k®JBt 4 

< t fc±ffi l J 7 TWX-t^RC 0, RC 10Llv»ftEV tO, V t 1 «t «9 
&fcv*L£vMiIWEV t 2 t ZtitzV 77l/^-b;VRC2t, :^')7rl'> 
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X-b;VRC2 KsKfta-fc^mSfc Iref eel 12 £if ips1-&m/±f§£tl]i® 4 1 
c_3fc£#^«j£$*iTv>£ 0 fLt, *JEE§§£[H3&4 1 a_ 3 Hi3lt&, "f- 
LB#^m»ttO±iipS^ (a_i) tCJt-f&l^ii^'J 7 r >f Bfcom^LO 
ifilS^ (b_i) <Difr?$>2>mi pUffiWrntl* nj <fc J: ?K 

i c_ 3 k&u-&, T ? -^^mt^<7)m^oiiiPs^^t-^#^^^ 1 ; -7T-r 

[0 0 5 3] 

EI6fi, 'J7 7l/>^t?II re f -b/U^O— ffl&^-T & 

£\ "0" tC^fD-f -S^^OTKli'J 7 r Uyxmm I ref OvICi 

*«E.I r e f 1 vi:ioT««$ti5. HHU::, tK® "2" * -fe 

o™i'J7 7^>^tII r e f 2 v \ZX oTffiH£*L& 0 f Lt, 'J7rV 
>.^S»tLl refOrli, VlB "0" & -fe £: *£S "1" K*frjfc1- 

^■b;V^tOffllCffifi1-& 0 ife, 'J7rl/>^1II reflrli, VtB " 
1" ^^-r^-t^^i:^ "2" H*H&-t*-t^^fc<7)WHcfi:ili-& 0 $ 
"blC, U 7r P>*msf£I r e f 2 rtt, "2" H*tJ&i"*-t^3ftf 

"3" H*tJS"r*-b;w^i:^ra^«i-*o 
[0 0 5 4] 

E17(i, &Wlifce- K-CO'J -7 r I re ffeiO^^^MCor 

- MffVg-h ontait'J7 7l/>X^;VRC^- MEVg- r e f 

&&Vm"2" ~7t4 (P V 3 ) J$ K £ *t & 'J 

•7 r U>xmm Irefli, Iref 2r^;lilref 2v S:ffl^tLlfJ:vC 
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[0 0 5 5] 

*nw&ww%r&> tz tx.it, -r- 9 <om^m lb# (r e a a k) k js^ 

t, 'J7T VyTsWtfL Ireflilref Or, Ireflr, Iref 2r, 
$#-tiVMCOy- hmJEV g- h o n t a i & £W) 77 U>^-fe;i/RC^ 
- Ym.f±V g- r e f li^rtirtiV r (=5. 5 V) ^iot^o I/:, 
iHtm^ 1 ) 7tJ m (EV^E-K) K&^X, 'J7rl^>XtSl r e f (±1 
ref Ov, $#-b^MC«oy- MJIV g-hont a i £ cfc V 7 r 1^ >X 
■b^RC<oy- MEV g- r e f (i-etL-TtLV r kftoWo Sfc, ££x. 
tdTaffi*^'; 7r4W (OEVt-K) K:i3V>T. ^rl/V^IIIrefa 
I r e f 2 r I r e f 2 v) , *#-t^MCO^- MEV g-ho 

nta iliVswl (=2V) , 'J7 7 U>X-b^RCO^- MlJ±V g - r e 

fiivr^oo>s e ^<h^(i>-^(7)#^^^ "o" *wm.-tz> 

fz#><DW&&fr'<V 7 r^m (PVlt-K) HjSV^T, 'J 7 t V>^m»StI r 
e fill re f 1 v, ^-bMCoy- MBEVg-h o n t a i*W'J7 
7 1/^^-t^RCwy- hmi±V g- r e f tt*-*l-e*lV r tftom, £fc 
, tztz.l£7*-9<DW£&&Vm " 1" ^t^/:^f l^'J7 7^fl| 
(P V 2 «=e- K) K*3V»t\ 'J77 l^>xm?)tL Ireffilref 2v, ^#-b 
A'MCOy- hmEEV g - h o n t a i 7 r V >*-fc;i/R C<DV- M 

J±Vg-r e fliftL-f^iVr^otv^o S<bK, fz£ JUS?*- 9 <D*&& 

frtm "2" ^igt^^tiM^';7 7^ (pv3*-k) [zte^x 

, U77l/^I*I ref(ilref2r (f fcti, I r e f 2 v) , *#:-fe 
^MCO^- HffiVg-h ontailiVsw2 (=6. 5 V) „ 'j77l/> 
X-b;l/RCO^- hffil±V g- r e f iiV r iiot^o 
[0 0 5 6] 

ftMtntztb^ a_i{±1"^-C TlJ *|v»S Lv» e -tOflfeOil"? i> 

*>^>^^-e**o a_i ^-f^T nj t% Ire f _i_v- I r e f_i 
_r = I 0 t Lfcv*»#K*i, m6<DW&m*i> tlZ, 
( b i — 1 ) gm (V r - V t_i ) =10 
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b i = 1 + I 0/gm/ (V r - V t_i ) ••• (2) 

/1/W21E Irefcel l_iWf7>^3>^? >-X"e£>£o 
[0 0 5 7] 

'J7Ti/>^-t;vRC_ioLiv^ffJlvt_i*, ftie^ f I 

&&mtffi$;m'tX*Mm~rtll£, (2) £J:fK ^■J.7 7^v-y>^ 

[0 0 5 8] 

±.tZLfz£7K, mfritiLmWyTUyxmmi ref_r^'j77^ 
<DV7 rVy^Wifc I r e f _v t £\ mCV 7 r U>^^r^RC_ i frb 

[0 0 5 9] 
[0 0 6 0], 

•t;^3oi:Lm (0 4 #180 i:ov>T^L/;o £*u::|££>1\ t:£x.tt 
EHIH^ 7 y vi^'j &c£>v*T^ •J7rl'>7'b;l/^2ot L/:f ^(Of J±H4 

oy-h (rwl2) izmuzti&m]±z%tkz-tt2>tzib<DnK.3&tk®9&<n, 

[0 0 6 1 ] 

iOflUlfcvif, 7ttx.(«EEI§^IsIK4 1 c_ 3 ' (±, «EE#&£IIIg§4 1 b_ 3 
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O/s-l' T^IJIPB I A S £ & tC, M 7 T]s>xm%LI r e f 2 
i^:f^?tLtv^ 0 ^Ut, 'j7rI/>^-bJPRG_i^jtP)L, 0 

[0 0 6 2] 

£ <7)#!J<7)*!r£\ V t 0<Vt lOtl, b0/a0<b 1 / a Kb2/a2 
, bl>b2, a 1 >a 2 £?f £^ J: 9 ^ - ?f£^& £ ti& 0 -$ti;t>% 

, «£EH^EIj»4 1 a_ 3 H^tt^. -r'-^lTc^aiLBfom^LOiiiliS^ (a_i) 

&#§&<&^'; 77^ Btomit^iiiiii^ (b_i) <D}kx$>2>mi<nmm. 

1 b_ 3 , 4 1 c_ 3 ' K£tt&, T'^^^mtNFO«»lE^iitS5(5^i-^#§5i 
[0 0 6 3] 

JtfBL£*j£K*3lt& V g- I c e 1 1 9 Km LTv>£ 0 Ztz 

r e f &£Z/r- hmJ±V g- h ontai, Vg-ref £*tJfc LT^f i> <D 
X&2> 0 

[0 0 6 4] 

mi 111, MiOf2(/)Ilii(:L/:^/: > E3ffi[7 9 * ->a ^ ^& V 
[0 0 6 5] 

U 1 1 K^Ti o -b VTsTV-fZ 1 ' (± N 2o<7)^ifei^ilis^3 l_i, 3 1 
_2. 5yf (Latch) HJS& 5 la, 9 0S& 5 lb, is J: ^ 2 00 

7>K®S&5 1c, 5 1 d*^-ev^ 0 ±ffiM»*S*BS3 l_i, 3 1. 2 ^R 
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£EJft C I r e f 4 1b' ^0'J77U > I r e f 1 

.feHIK4 1' *«SEiR$tLT, 3§£H!i& (Ire f ^HK) 4 1a' i^«'J7 
TP>xmv£l r e f 0, ifcli, H^EIK (Ire f 4 1c' 7>£> 

OV77U , /^iai r e f 2 7&^#&?tL^«t 9 i:^otV^ 0 
[0 0 6 6] 

9^f-EIK5i afi, ±fE^»if*5S3 1 _i<7)tt}7J DO ^7 7ft^^t\ 
-e<7)9 y^-g-§-4r-tlB>f >A-^EIR5 1 b £ «fc OMiSBT > K08& 5 1 cCtUi 
n^C^o-Cv^,, T>K0K5 1 cti, ±IB^ y^jf-^-i:M^'fl-^2 n d 
-col 'J -7 rl/>XMMtRCOL0 & <DX-&Z> 0 ^OU 

77V>^llRffRCOL0 (i. ±faH^IoIS&4 la' <DV 7 t XUJ'A 
h7^y*X^4 1 a _i<Z>**- h K£fc£&Sft& <£ 9 i:ftoTV»4 0 T> 1 
d(±, 7fiK5 1 a7>f>tB7j£*U ±MJ >^-?®&5 1 b tCiot 

KKStifcs -hie 9 ^^m-^<7)^$^f^-t^«-^2 ndcoltH, >J7r 

COL2 (i. ±fE#&£[Il{& 4 1c' ©'J77U^*7Ah7>y7^41c.i 

[0 0 6 7] 

$111,1©^, _tf£#f§#L[fllif& 4 la' , 41b' , 41c' filitJpg— 
OflMfc -C-tL-pn, 'J77l/>^t^RC0, RCl, RC20Ll^f 

mJEEVtO, Vtl, V t 2 0W*Ift*i 9 K*»J&£ft£±fEmi±3§£IIIS&4 
1 a_ 3 , 4 1 b_ 3 , 4 1 c_ 3 (fctilf, H4#HS) , fc<fctf\ HVc c Kg 
M^tLf^fct^T-R r b £3X-ev>& 0 
[0 0 6 8] 

'J 77 I/^^I^ff RCOL0 , RCOL1 , RCOL2 OH> 'J7tI/ 
^^i^RCOLl ttHTtwj&tt^Jg (Hi gh^) <b&& 0 ^co>;-7r 
l^>^IMfRCOLl tt, ±SB3&£|IIS& 4 1 b ' (7)'j77l/^*7Af7 
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4 1 b_i<7>^- h tc^^tl^) X i C^tv^o 'J 7 rVy^mUm 
tRCOLO , RC.OL2 (±, _tfSH»ji#i|il£? 3 1 _i<7>m^JD0 WiSCSCt 

[0 0 6 9] 
[0 0 7 0] 

B112(±, HI 1 ^^L^«^^i3tt-2>t!;^»*^-r^<7)-e3b-2>o &4b\ m 

12(a) "1 1 (n«a) " , "10 (m.m) " 

nil 2 (b) tiT-*-^ "0 1 (mm) " , "00 (?«) " <Dt%<Dm\t 

[0 0 7 1 ] 

Ell 2 (a) t:/Tti^:, tz t x.imMT 0 iz fev^r, jg4RS*Lfc7- Kilft 
WL i3 «t CPU 7 r V 7 - K^R WL (DMii t'j77l/ ^Xii^f -5§-R COL 
l (High) ^;k:^^ 0 -t&t, mbm%$*3 l.^zx *K MIR . 

Siifc$fl:-b/u (J£JlT\ il^-b^) MCO-b;HII c e 1 1 ^\ f§£E]{&4 1 
b' frhWV 7 vy TsMMl r e f 1 <hJtfc$^^ 0 O-b ;l/«it 

I c e 1 1 * i ±|E'J7t V^^mitl r e f 1 «fc f) k7C§V^£\ MR/ii*!^ 3 
l_l<7)ai7jD0 1/^;W::&£ (Bt^ijTl) o itL^iO^ »JfPif2nd 

c o 1 tciwjflgtT, Ty K0K5 1 c<7)tB7J (RCOLO ) j&vw l^;Wi&& 
(B#^JT 2 ) o 

[0 0 7 2] 

tBKE#2 003-3060617 
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£*UC*tU HI 2 (b) tz t x.ifM^^MC<Dt )vmWi I 

cell 75>*±ifi<; *7 r l^;*^ I r e f 1 ^/h$v^f^ mMMm%*3 1 
_2<7)&2JD1 ^nr> (Low) l^;w;&& (P^ijTl) 0 ;ti(ai), ftJfMf 
f2ndco 1 ^IWUHLT, T> K@i&5 1 d<7)tb7J (RC0L2 ) U<< 
)V\Z%:Z> (B#£ljT2) o 
[0 0 7 3] 

z.<DM<7)m&, mmmm^3 i_i<7>m7jDo &£v?mMmm$&3 i_ 2 om^D 

1 l±, ^-^tv<7)^:/hM#^)Si:T. 4o«, o2«9, "0 0" , • "0 1" 

, "i o" , "ii" ^-rtifrKttho i-^^*>, m.mmm'&z i_icom^D. 

0 it, fztx.it, ffiTJDO # s &to/cfl#*-C\ -b>-^T>7 0 3 1' <9^«nm7J 
£ti£o — 7j> ii^-te^MCO-b^StffEI cell (i, ^Hjifi|ilSf3 l_2^i { 9 
, 7 r Uy^mm I r e f 0 tfzlt') V rVy^Wtil I r e f 2 <h Jfcigc£*i-£ 
o - OH»jiiip§^ 3 l_ 2 om^Dl 14, t: tx.it, ffi7JDl ^Jofc«fjS-e, 

0f 7 7 'r>a ^ ') Of - ^i^tU L^ff^H Jo 
[0 0 7 4] 

*§ji*T'-^35* "0 0" Ot^f iM^'J7 7^Wi, $#-b;VMC 
O^tSIcel 1 V 77 U->^«»fLl r e f 2 fciBffiLfcWSEfcJfcHH- 
£o LT, * I c e 1 1 "7 7l^>^ll I r e f 2 «t «9 < * 

ofcBf*-e, M]0#§;^t*-* £ "1 1" &C^x.& 0 "0 
1" <7)Jt-^<7>#§&<^rj -7 r^WliW, ^^MCW4:;vtiSI cell* 
, V 7 r I r e f 1 £iiipIL£m^£ JtlTr&o fit, -tiHitl 

cell 7& ? >; -7 r r e f 1 «t 0 *>/h£ < &o£B$*T\ i!J0<7)#§ 

"1 1" tC^&o #§&«&T*-*7&f "1 0" <E>^0*§&*^ 

V 7TJW)m$, ^^JVMC^^DVMMl c e 1 1 'J7 7l/>^SilI r 
e f 0 £*fipIL7tm»!t£JtiSe1-&o fit, -feJUII c e l l^'J77P>7 
ttHE IrefO^H'hM fcofcHfrSTN iiJnO*§&*7*- ^ "1 1" C 

[0 0 7 5] 
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[0 0 7 6] 

III 1 3 14, EI 1 1 K^L£&m««£!&£EJg& ( I r e f 3?|fc!IIB&) 
«^t^T^ 0 ££T?MU mi 1 K^LfcH&igi&4 1 b' 

[0 0 7 7] 

$i,Z-£2>tztt><Di><DX\ 3oOnlM0S F7>y7^NQl, NQ2, NQ3 
?:tUv^o t^fe*>, nlMOS h^VyXfNQlOKP^VfiKt p 
IMO SF7 * P Q d<D K W >fffit plMO Sh7 ^ P Q e O 

KW>^Jt> AM 7 ^ h 7 > y ^ ^ N Q b (?) K 1/ >m nlMOSh7> 
y^^NQcOr-K &4y\ nlMO S h 9 > ? N Q 1 <DY- 
$tLTV>So nlMO S h 7>yX^NQ 1 O^- h 13(4^ r^WB I A 
S^^c^tL. V-^^:i±nSMOS h7>y7^NQ2(7)KV^>W 
^M^tLTv>^> 0 nlMO S h 7>y^^NQ2 60^'- h [CliEVt- Vit^B. 
^SM^tL, y-XfIit^(4nMMO S h 9 > 9 NQ 3 <D KW 
^^tiTV^ 0 nlMOS h^>v^^NQ3<7)V-7NfIit(4^mfiH^$ 

[0 0 7 8] 

i<7)M^if^ >; 7 7i'>xirL<7)^§^^\ 77^ (Ev = Hig 
h, rdb = low) n^-m^mt^*)^ m^^^< ] ) y T4mzM±mt^^) 

K^^lltv^o ^(7)4 9 &fiJ&tC4*U4\ ft'^'j7 7^lit(7)U7 7V>7Nl 

- t^orfg<h^^o #&£E{&^£U-&mv/f£^it{4, ^'J7t^7- 
v>n^-t^fi^^v^^-^-e*^o U:fot, -r^ro ? y -77? £iwj 
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o 

[0 0 7 9] 
[0 0 8 0] 

Ell 4 [:^ti-? fc, -fe>*7>"/3 1 "ti, Hidiifg^3 1 _i, ?y?-®$& 
5 1a, 51e^ >^-^@K5 lb. io=t^\ 2 o<7)T> K0S&5 1 c , 5 
1 d^tv^ 0 ±fBH»«ieS3 ^tfcjR^R r a £ 

ihLttiVc c j^^Sti* £ <b & ^fr-b^MCO-fe^atl eel l# 

i>tf§£HI&4 l"^Ii$at, (Ire fSaWUffr) 4 1b' , 4 1 

a' , 4 1c' ^^©'J7 7l/>^tll refl, IrefO, Iref 20 

[0 0 8 1] 

5 y?-mV&5 1 a t±, -b>^T>7°3 1 "OfciiTJD o u t t &&±fBH!&iitB 
S3 l_iOm*«r, 7 7fll|I^La tO Dt7 7 & <7)T\ 

<D^ y^-m^r\t, ±.UJ >^-?®ffi5 1 biJJ:0 f _t8BT> K0S&5 1 ci:tH^ 
£ tt& =fc 9 i:^otv^„ T > W5 1 c «\ ±f£9 y^lUiE&5 1 a^^O^ 
7fff t$IJMf 2ndco 1 bfrhy 'J77l/^iMtRCOL0 
JS-f* ^0-e$)^o ^<7)'J77V>^StMf RCOLO _tfB#§£IIIi&4 1 
a ' <7}'j77U>7>*7Ab7>v7>^4 1 a_i»y- h i 1 K£ 

oTv^ 0 T> K®i&5 1 dt±, ±129 *-f-|I]g&5 1 a^<b£B7J£^ ±|B>f > 

n d c o 1 'j7 7l/>^I«ftRCOL2 ££J&1"£ * <7>-e&& 0 i 
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O'J 77 l/>^ffRCOL2 f±> _tfEf§£IUj&4 1 c' W'J7rk>^* 
4 1 c_i<7)^- h tc^l^^ti^ <£ r> i:ftoti/>4 0 7-y^[a]3& 
5 1eli, ±fBHI6*l#BS3 l_iOtb^J (Dout) *9yf WUff^L a 1 1. 

[0 0 8 2] 

'j7 7l/>^l^fRCOL0 , RC.OL1 , RCOL2 'J7rl/ 
^^MifRCOLl l±#KflHfctfcJ8i t&& 0 - 'J 7 r 1/ > 

Xll?ifRCOLl fi, ^y7rlalft5 2^0ftiJfB^l s t c o 1 <7)ftif&i: 
Jfc tT, _tfe#&£IU3§ 4 1b' <7)'J77P>7*7Al>7>y^H lb 
- hKjRffiZtlZ C^oTV^o ■J7 7l/>XljRifRCOL0 , RCO 
L2 (±, ±|E9^^-Il{^5 1 aOffiTJDO <QmmKJ&CX\<*iriXfr~tt*mffl}z 
mt%2> 0 ±W?y?-M&5 1 a^ffiTJDO ti, 4ooL|v>ifE^' 

;K7)±Zo J (ijr o (D ?> S-^f 0 ±fE^ y ^01^ 5 1 e <7)lH>t} 

o 

[0 0 8 3] 

m%&5 1 a<7>ffi7JD0 ty y^-m^5 1 e^tB^Dl. <!:£m&£T h~UA<7)%\}<D 

*smx$>z> 0 

[0 0 8 4] 

eii 5 (±, 01 4K&Ltzmf&iz&tfzmft&M*7Fi-i><D^&& 0 11 
1 5 (a) i*r-? "i i mm) " , "io mm) " <?> t # ^m^mmx- 
mi 5 (b) (±-r-^ "o i (ma) " , "oo mm) " <^^« 

[0 0 8 5] 
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HI 5 (a) C^ti^:, fzt^immT 0 K£v>T, 7 - KH 

WL^itfj 7rl/>^7- KfHRWLomfi^ V 77 l^V^I^ffRCOL 

i t^vw v^;w;&& 0 mmm^3 l^zxn, m^fttz^^ 

)V WXT\ iliR-fc^) MCO-b;HS£I c e 1 1 51^ UK 4 1 b' 7&*<b<Z)'J 
77 l/>Xt-II r e f 1 tJt^^tt^> 0 ^-fe;l/MCQ-t^m^I eel 1 t) s 
±!Sy77l/>^««I ref UO &*§v>*&£\ M^4g#3 l-iOffi*^ 
a^H;H:^J 0 iOHi!lii*SS3 l_i^m^«±> 7 7f®|PitLa 1 0 co 
2l-t>W9T, 7 7f@K5 1 at:7 7f ^ti^. T 2 <DWM) 0 ' £*UCJ: 
*K fWflHf 2 n d c o 1 tCl^^LT. T> K@B&5 1 c OffiTj (RCOL0 ) 

tl Tri^-e, 7 7fiK5 1eC7 7f$iL4 (H#£ijT3) 0 

[0 0 8 6] 

£*Lfc*tU il 5 (b) IZzk-tX-oK^ jtfcx.Jflk-t^MCOt^ttl 
cell j&*±ffi.V "7 r I r e f 1 X *) *>/h$v>*&£\ M»J±^iJiSt?3 1 

_lOfh;fctf s n^i^;w;:fc* 0 ^oHifrJilB^ 3 1 _i<7)tb7Jfi, 7 y ^tO^HS-^ 
La tO <Z)i*)T^*)T\ 9 y?-®$&5 1 a y (B#£iJT 2 OEmi) 
o i*ti:J:»>, ^lJWS-^2 n d c o 1 KH»ILT\ T> K0K5 1 dOtBTJ (R 

col2 ) \"<Mz-kz> 0 -f&t, mmmm^s l.i©^, 9 yaffil 

iffLa tl Oja*)T^^T\ 7'yf-|5IK5 1 ei:7 7f$tL^> (B#£UT3) 

o 

[0 0 8 7] 

z <d & 7 %mj& t Ltzi§&izti^xi>, wol? ? y *s * ?tit&m 

[0 0 8 8] 

LTt^Ko^-cifclBLfco i^LCffiijf, i: x. IfZlffi 7 7 y v * * 'J C 
l?ii:«fflt^e rf7 7 y ya^t'J IzmmLtzWi&izii, M^'J7 7^f 
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[0 0 8 9] 
[0 0 9 0] 

[mB^ffi#.^mB^] 

[0 2] 0 1 oizg^t7 9 y ya^^'j jcisv^T, ^^y-fe^o^F-flljtS: 

[®3] m i <7)mm.77 v K^tawisoMs (-t>*T>7° 

[11 4 ] 0 3 co^«^E|&^|lISE&H is It & *EEf&£B J&OflWcfll £ ^-f HI 

SS0o 

t'JOV g- I c e 1 1 #14^^i"0o 

[0 6] 0 loizgii!?^ ? ">"jt.^-t'; k*5v>-£\ y t u > xmtiiiztti- 

[07] mJEf&£llll&£ia40«j£fc L^^^JC, KK£ 
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if h '7 7 r V > * Syjft t Mlffi £*j"Jt L T^-t-Ho 

[H9] mj±#§£II]i&£m8<7)f||j&<h L**££W^ E|75 7ya^ 
t'JOVg-I c e 1 1 #14^^-T[Ho 

[Ell 0] Ml±%*k®ffi*m8<Dffij&t Lfcit^Wc, KC 

Ho 

[mi 2] *>xT^7&±zfmmmm%£.®ffizmi i<^«H/:i 
[m i 3 ] mil o^ms^^ins&<7)itiio«^!i^^-t-iHij^mo 

[014] ^HWOSfc 3 ^IlilC Lfcj&*o fc, EUS 77 7Va^'J 

m c 

[mi 5] ^>xT>7°&£zrmmmffi.§i;tkmffizmi 4<DmmtLtz® 

[mi 6] fi£*a«fc-eoW«^=S:SiW-t-a^:i6^, r|7rr/i^ 
[117] mi e^^^-r^^^'J Hi3»t£ V g- I c e 1 1 #14 

[mi 8] mi 6wr|7 7 7 vj-^-t'; tcisv^r, &W}ft*- Ficjstt 
[mi 9] eh 6«Dri77 7ya^*'jc^^t, r- hmJEKM-ra 

1 l-7FVX77f, 1 2-7K^*'7>'?, 13-7K1/X/S-7 77, 
14-10^777, 15-f-^77f, 2 1 •••>t- ; e , ;-b^Tlx^ > 21a- 
Pl^it, 2 1 b-Nfi«7X^«, 2 1c-PI^x;« 2 1 d — 
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y-^fl*^ 2 1 e - KW >mM, 2 1f-7n-fr/^-h 1 2 1 g- 
■ay Yu-)VY- K 2 1 h, 2 1 i , 21j 3 1, 3 1' 

, 3 1"-t^7^ 3 1.1, 3 1_2, 3 l_ 3 -2S»it(BS, 3 1 _ ia , 3 

1- 2a> 3 l_ 3a -pIMOS h^>v**\ 3 1 _ lb , 3 l. 2b , 3 l. 3b - 
/^77h7>y^^ (nSMOS b?>y^^) , 3 1 a-plMOS h7> 

3 1bw^7Xf7>y'X^ ( n MM OS h7>y^^) > 3 2-* 
7Ay-MU^ 3 3 "•#£# t <^0i&. 3 4-n-7>Ki/yX^,, 3 5-ny h 
n-^, 3 6—n^r*n-?\ 3 7-*5Afn-/, 3 8 — ^--v-v*^ 7*111 
8§, 3 9-W^>-^iaK. 41, 41', 4 1 " -3£!«ijfcS&£®l&, 4 1 
a, 41a', 41b, 41b', 41b", 41c, 41c' -f§£EJj&, 4 
1 a_i, 4 1 b_i, 4 1c.r'j77V>^*7Af7>yX? (nMMOSh 
7>y^^) , 4 1 a_ 3 , 4 1 b_ 3 , 4 1 c_ 3 (4 1 c_ 3 ' ) -mEEH^EIK, 
5 1a, 5 1 e-7 7f|5]|E&, 5 1b — f ^^s— ^ 5 1c, 5 Id— T > 

K0f&, 5 2 -Ay 7 6 l-m*^U -7 r-f ffl^JfPU^ MC-^^e 'J 

•fe;u , WL, WLO -WLn -7- Kll. B LO -BLk — .tfy h 

It. STO ~STk —S^h COLO -COLm -*7A^ Ic 

e 1 1 — •k^W.Vi, IrefO, Irefl, Iref 2-'J7r V^T^WM^ 
Vcc-lS, BIAS-^7X1M> PBIAS-aMT^IE, QNR 

0, QNR1, QNR2-'J77l/>^f7>yX^ (nlMOSh7>yX^ 
) , RCOL-^rl/yx^^Ai, RCOLO , RCOL1 , RCOL2 - 
'J7 7l/>^IKft, RWL, RWLO, RWL1, RWL2-'J7tU^ 
7- Kit, RCO, RC1, RC2-'j77l/>X-bJl/, PQaO, PQal, 
P Q a 2 - tl^tft p MM O S f 7 > y 7s ^ , PQbO, PQbl, PQb2 
•••^ l i77^1MplMOSh7>y7?, PQcO, PQcl, PQc 

2- ^-^tiiLBfm^mpMMOS I r e f c e 1 1 0, Ire 
fee 1 1 1, Iref ce 1 12 — -t^flfE, NQ a, NQb-/M 7 7>1^7 
>v'7^ ( n MM O S F 7 > *J7s 9 ) , NQc-nlMOS h7>yX^ NQ 

1, NQ 2 , NQ3-nlMOSF7>y7^, PQd, PQe-pMMOSh 
7>yX^, VFYB-^'J7 7^ltm RDB-l^ffiLtm Rra, 
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* 

R r b-^#T-> lstcol, 2ndcol L a tO , L a t 
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[mi 7] 




Vev 
hlE 



[m i 8] 





mode 




Read 


EV 


OEV 


PV 


Vg-hontai 


Vr 


Vev 


Voev 


Vpv 


Vg-ref 


Vr 


Vr 


Vr 


Vr 



Vr=5.5V/Voev=2V/Vev=4V/Vpv=6.5V 



[019] 




*- Vg 
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> 

[Rift] 

B L0 ~B Lk Ktiitl&nMI cell fc <DJti&<Z>tz*b0) 'J 7 r V >XtI I r 
efO, Iref 1, I r e f 2 £f&&$-£&&z«fcfcSI£iaE&4 1 tC, 'J7r 

w ^ ^ -t ;nc it tt * £ , T^-^M^mLBfo mm <om i^n-r h m § a* 

4 1 a_ 3 , 4 1 b_ 3 , 4 1 c_ 3 l:t^Mt ^oTV^ c 
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^rft## 50301 134363 

wm& mm 

mm-s raiif 0094 

ffr&B 15^ 7^110 



[ftSA] 

IB&Xtt&ffl 

mmximm] 

[R&Xte&fa] 
[SfiLfcftsiA] 

[teffixitmrn] 

[R&Xi&Zffl 

mmximm] 
iR&xiizm 



000003078 

"f»»A 
100058479 
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100091351 
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100088683 
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1/ 



[»»&] 
1] 



iffi 



"o 



o 



CVJ 



amp. 




Sense 


< — 

CO 


I 




rent 

'/"i lit 

Cull 
















Refer 
genei 




1 







Data 1 


latch J 




f 



3! 
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[0 2] 
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3/ 



3] 




oc or 1 — i 1 ^ 



CO 




J 
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[13 4] 



r 



(*)< 




wvo 



WRO 



PQbO 



VreadHI 




\> 41a-3 



VFYBH 
NQa PQd 



IrefO^ 

WS0:WR0=1 :aO 
WS0:WV0=1 :bO 
Iref0=a0 IrefcellO for read 
bO IrefcellO for verify 



r 



(b) < 



wsi 



PQa1 



BIASH 



RC1 




WR1 



PQbl 



X., 



RDBH 



VFYBH 

-NQa PQd 
VreadHlCs BIASH 



Vtl 



r 

V. 41b- 3 



IrefceiH 




Iref 1 1 

T ^ v NQc 

WSI :WR1=1 :a1 
WS1 :WV1=1 :b1 

Iref 1 =a1 Irefcelll for read 
bl Irefcelll for verify 



(C) < 




PQb2 v 



WV2 



WR2 




V 41c-3 



VFYBH 
NQa PQd 



WS2 : WR2=1 : a2 
WS2 : WV2=1 : b2 

Iref2=a2 Irefcell2 for read 
b2 Irefcell2 for verify 



th!E#2 003-3060617 



mm 2003-193728 ^- v : 5/ 

[05] 




[06] 



Iref2r Ireflr IrefOr 



+■ «» 

✓ \ 

* / \ 
/ \ 
/ \ 

* \ 
1 \ 

* I 

/ «o" > 
10 ii 


-i 


0 














h- 













Iref 



0 Iref2v Ireflv IrefOv 



[®7] 





mode 


Read 


EV 


OEV 


PV1 


PV2 


PV3 


Iref 


0r,1r,2r 


Ov 


2r(v) 


1v 


2v 


2r(v) 


Vg-hontai 


Vr 


Vr 


Vswl 


Vr 


Vr 


Vsw2 


Vg-ref 


Vr 


Vr 


Vr 


Vr 


Vr 


Vr 



Vr=5.5V/Vsw1 =2V/Vsw2=6.5V 
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r 



(a) < 



wso 



PQaO 



BIAS— I 




WVO 



WRO 



PQbQ Vi 



RDBH 



VFYB— IC 
PQd 

VreadHIGv BIAS-U 
RCO^ ; irefOl 
IrefcelK) WSO:WRO=1:aO 




r 



41a-3 



WS0:WV0=1 :bO 
Iref0=a0 IrefcelK) for read 
bO IrefcellO for verify 



r 



(b) < 




PQbl 



P BIAS^ 



WV1 



WR1 



VFYB— I 

BIAS-ICn S 
J NQa PQd 

VreadHI 



41b-3 




Irefl 1 ? 

"4=^-NQc 

WS1 :WR1=1 :a1 
WS1 :WV1=1 :b1 

Irefl =a1 Irefcelll for read 
b1 Irefcelll for verify 



r 



(c) < 



PBIAS 



r 

v. 41c "3' 



WV2 



WR2 




RWL2 



WS1 :WR2=1 :a2 
WS1 :WV2=1 :b2 

Iref2=a2 Irefcelll for read 
b2 Irefcelll for verify 
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[12 9] 



RDB=L 
VRFB=L 




1 0] 





1 mode 


Read 


EV 


OEV 


PV1 


PV2 


PV3 


Iref 


Or, 1r, 2r 


Ov 


2r(v) 


1v 


2v 


2r(v) 


Vg-hontai 


Vr 


Vr 


Vswl 


Vr 


Vr 


Vsw2 


Vg-ref 


Vr 


Vr 


Vr 


Vr 


Vr 


Vr 



Vr=5.5V/Vsw1 =2V/Vsw2=6.5V 
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